Abstract: Insect-specific neurotoxins are important components of scorpion venoms. In this study, two toxins from the scorpion Buthus martensi Karsch (BmK) were purified. They shared high sequence homology with other depressant insect toxins and were designated BmK ITa and BmK ITb, respectively. They were able to suppress the action potential of cockroach isolated axon, which is due to a decrease in the peak sodium current. Furthermore, the effect of BmK ITb was lower than that of BmK ITa, and some of the electrophysiological characteristics of BmK ITb even resemble that of excitatory insect toxins. Their primary structures were determined by N-terminal partial sequence determination and cDNA cloning. The differences in their structures, especially the 31st residues, may result in the unique activity of BmK ITb. 
There is a diversity of neurotoxins in scorpion venom. These neurotoxins act specifically on different kinds of ion channels of nerve and muscle systems. According to their molecular size, these neurotoxins can be classified into two groups. The long-chain neurotoxins composed of 60-76 amino acids with 4 disulfide bonds affect mainly Na + channels (1-4), whereas the short-chain neurotoxins composed of only 28-41 amino acids with 3-4 disulfide bonds affect mainly K + or Cl -channels (5-8). The long-chain neurotoxins have been more widely and intensively studied. According to their specificity, they can be further divided into two main subgroups: mammalian-and insectspecific neurotoxins.
Based on their modes of action, insect-specific neurotoxins are further divided into excitatory and depressant insect toxins (9,10). Excitatory insect toxins composed of 70 amino acids cause an immediate contraction paralysis in insect larvae (11) (12) (13) (14) , whereas depressant insect toxins induce a transient contraction paralysis followed by a progressive flaccid paralysis (9,15). Depressant insect toxins are composed of 61 amino acid residues and share great homology with each other (15, 16) . Because of their strict selectivity, insect-specific neurotoxins are of great potential value as candidates for biological pesticides and possibly for use in transgenic plants. It has been reported that the insecticidal properties of Autographa california nuclear polyhedrosis virus (AcNPV) were enhanced by introducing a gene encoding AaH IT1, an excitatory insect toxin (17, 18) , and transgenic tobacco introduced with either AaH IT or together with Bacillus thuringiensis toxin becomes more resistant to insects (19) . Thus, it is important to first clone these insect toxin genes, and then try to make them useful as bioinsecticides by a genetic approach. However, only a few gene structures of insect neurotoxins, especially depressant insect toxins, have been reported (16, (20) (21) (22) ).
An excitatory insect toxin, BmK IT, was first found (13) from the scorpion Buthus martensi Karsch (BmK), a species distributed widely in the east of China. Its cDNA has been cloned and the amino acid sequence determined (23).
Meanwhile, another excitatory insect toxin with an analgesic effect on mice, designated BmK IT-AP, has also been purified, and its protein, cDNA and genomic DNA sequences elucidated (14) . However, no gene structure for any depressant insect toxin from this scorpion has been reported to date.
In this study, two depressant insect toxins were purified, their electrophysiological effects studied and their N-terminal partial sequences determined. On the basis of their conserved sequences, their cDNAs were cloned successfully from the scorpion BmK using the rapid amplification of cDNA ends (RACE) method.
Experimental Procedures

Materials
Crude venom from BmK scorpion was obtained from a scorpion farm (Xichuang, Henan province, China). Sephadex G-50 and CM C-32 cellulose were purchased from Pharmacia (Uppsala, Sweden Acrylamide, bisacrylamide, 5-bromo-4-chloro-3-indolyl-b-
and other reagents were of analytical grade. Escherichia coli strain TG1 was used for transformation of phage M13mp18 and mp19, and E. coli strain DH5a for transformation of pGEM-T vector.
Purification of two BmK depressant insect toxins
The crude venom was dissolved in 0.05 n NH 4 HCO 3 pH 8.0
buffer and then subjected to a column of Sephadex G-50 fine (1.2 · 155 cm) previously equilibrated with the same buffer. The flow rate was 0.4 mL/min. Two main peaks were eluted, of which the second peak was pooled and subjected to a CM-cellulose C32 column (2 · 11 cm). The buffer used for this column was 0.02 n Na 2 HPO 4 /NaH 2 PO 4 , pH 6.4; the flow rate was 0.8 mL/min. The effluent during sample loading was pooled and separated further using a C18 RP-HPLC column (0.46 · 25 cm, 5 lm particle size, Beckman) equilibrated with buffer A, 0.1% TFA in water.
Elution was carried out with a linear gradient of 0-50% buffer B in 50 min and a flow rate of 1 mL/min. Buffer B was 70% acetonitrile in buffer A. The effluent was monitored by measuring the absorbance at 220 nm. Every peak obtained was then collected and rechromatographed on the RP)HPLC column to homogeneity.
Electrophysiological study
The experiments were carried out on isolated cockroach giant axons dissected from abdominal nerve cords (24). 
Mass spectrometry
The mass spectra of toxins were obtained on a Finnigan 
Sequence determination
The N-terminal sequences of the depressant insect toxins were directly determined on a gas-phase sequencer PPSQ-10 (Shimadzu, Kyoto, Japan) based on automated Edman degradation.
3¢-Race
Total RNA was extracted from 50 mg of scorpion venomous glands using TRIzol reagent kit. Then, 5 lg of total RNAs were taken to convert mRNA into cDNA using a 3¢-RACE kit provided with Superscript II reverse transcriptase and a universal oligo(dT)-containing adapter primer with a SalI restriction site (5¢-GGCCACGCGTCGACTAGTACT 17 -3¢).
The resulting first-strand cDNA was then used as the 72°C, 1 min. The PCR amplified product was then digested with EcoRI and cloned into M13mp19 for sequencing.
5¢-Race
Based on the partial cDNA sequence determined using 3¢-RACE, an antisense gene-specific primer GSP2 with a HindIII restriction site was designed for 5¢-RACE. The ) 60 mV, plateau potentials (of only 40-50 mV in amplitude) with repetitive activity at the end were evoked (Fig. 2B) . Under such conditions, the axon was able to generate plateau potentials with repetitive activity for at least 10-15 min. The threshold for plateau potential depended on the preceding artificial hyperpolarization. For example, in axon hyperpolarized to )70 mV, the fast depolarizing phase started at )63 mV and in axon hyperpolarized to )85 mV, it started at ) 70 mV (Fig. 2B) . (Fig. 2D) . Kinetics of the slow current activation and inactivation increased with the rate of potential changes during ramp pulses (compare Fig. 2D ; a,b,c).
Such slow currents were not observed under control conditions and were suppressed by TTX.
Similarly BmK ITa, toxin BmK ITb decreased the action potential amplitude, however, it was much less efficient in this range. The action potential amplitude was higher than 70% of control value (Fig. 3A) after 20 min of 5 lm BmK ITb action. During this time, resting depolarization did not exceed 10 mV. Artificial repolarization to ) 60 mV restored almost normal action potential amplitudes, however, the last phase of repolarization was prolonged (not shown). More negative artificial hyperpolarization, for example to ) 80, ) 90 mV, followed by artificial return to ) 60 mV induced bursts of repetitive activity generated at ) 60 mV (Fig. 3B) . Action potentials observed during bursts had amplitudes of only 60-80 mV and prolonged the last phase of repolarization (Fig. 3C) . Plateau potentials in the presence of BmK ITb were never observed. In the voltageclamp configuration, toxin BmK ITb decreased the peak sodium current amplitude, much more slowly than did BmK ITa, however. With 10 min of toxin action the sodium current was 60-70% of the control value (Fig. 3D ) and last phase of inactivation was prolonged, giving a late, main- and excitatory toxins and thus, details of its structure may therefore be informative.
Amplification of cDNAs of the depressant insect toxins
According to the N-terminal sequences of BmK ITa and ITb, using the 3¢-RACE method, a DNA fragment of 300 bp was amplified from total RNAs of scorpion venomous glands.
Their sequences contained an encoding region of 64 residues and the 3¢-untranslated region down to the poly(A) site.
According to the 3¢-RACE sequences determined, an antisense primer corresponding to their conserved 56-61 residues was designed and used in 5¢-RACE. The PCR products were also of 300 bp, the sequences included a 5¢-untranslated region, a signal peptide of 21 residues and a mature peptide of 61 residues. Thus, the cDNAs of BmK ITa and -ITb were completed by overlapping sequences of the 3¢ and 5¢ products (Fig. 4) . Each contained a 5¢-untranslated region, a signal peptide of 21 residues, a mature peptide of 61 residues, three additional residues GKK at the C-terminus and a 3¢-untranslated region down to the poly(A) site. It is because of the high homology with other known depressant insect toxins and the determined molecular masses of BmK ITa and -ITb that their mature peptide was believed to be of 61 residues in size. Meanwhile, the three additional residues GKK meant amidation of the C-termini (32-34). This phenomenon is always found in the cDNAs of We wish to point out that, in the case of BmK ITb, there happened to be a two-residue difference between the determined and cDNA-deduced sequences, Ile12Val and Gly27Ala. These two mismatches did not result in any change in molecular mass and have little effect on function.
It is most likely that they were caused by polymorphism.
Sequence comparison
Obviously, the sequences of BmK ITa and BmK ITb share high homology with depressant insect toxins from other scorpions (Fig. 5) . It is most likely that they evolved from the same ancestor into different forms with different 
